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ATMOSPHERIC  TRANSMISSION  MEASUREMENTS  AT 
WHITE  SANDS  MISSILE  RANGE,  AUGUST  1978 


INTRODUCTION 

During  August  1978  measurements  were  taken  over  a  two-week  period  at  White  Sands  Missile 
Range  (WSMR),  New  Mexico.  The  Naval  Research  Laboratory's  (NRL)  infrared  Mobile  Optical  Radi¬ 
ation  Laboratory  (1MORL)  was  used  to  make  high-resolution  atmospheric  transmission  measurements 
over  an  elevated  6.4-km  path  in  order  to  assess  the  effect  of  the  atmosphere  on  laser  transmission.  The 
expected  high  turbulence  at  WSMR  was  a  new  parameter  for  the  existing  IMORL  data  base  [1,2]  and 
restricted  operations  to  midmorning  and  late  afternoon.  Detailed  surveys  of  the  actual  path  used,  pro¬ 
viding  beam  elevation  as  well  as  local  ground  topography  vs  range,  were  carried  out  in  support  of  this 
program.  Meteorelogical  parameters  monitored  at  the  endpoints  of  the  path  included  air  temperature, 
dewpoint,  solar  radiation,  wind  speed  and  direction,  and  the  temperature  structure  parameter  Cr.  Laser 
extinction  coefficient  measurements  were  made  to  a  precision  of  ±0.008  km  u  at  HeNe,  Nd-Yag,  deu¬ 
terium  fluoride  (DF),  and  C02  wavelengths.  To  achieve  this  precision  for  the  highly  transmissive  DF 
wavelengths,  a  longer  path  was  used  than  those  chosen  for  previous  IMORL  operations.  New  dual¬ 
scatter-plate  beam  integrators  were  employed  to  reduce  pointing  errors  at  the  receiver  [3],  The 
turbulence-induced  beam  spread  caused  possible  overfill  of  the  1.2-m  (4-ft)  receiver  mirror  and  limited 
the  path  length  to  the  6.4  km  used  for  successful  operation  during  all  but  the  periods  of  highest  tur¬ 
bulence.  Times  of  day  and  levels  of  turbulence  for  which  this  limitation  became  operative  will  be  dis¬ 
cussed  in  the  section  on  laser  extinctions. 

Extinction  measurements  of  the  DF  lines  are  in  good  agreement  with  predictions  from  sea  level 
algorithms  simply  reduced  in  total  pressure  for  most  lines  measured.  The  2—1  Pc  DF  line  shows  indi¬ 
cations  of  an  ILO  continuum  dependence  different  from  the  model  developed  by  the  Army  Atmos¬ 
pheric  Sciences  Laboratory,  WSMR.  This  discrepancy  is  in  the  direction  of  smaller  absorption 
coefficients  for  the  2—1  P<  component  of  a  multi-wavelength  beam.  The  DF  laser  extinction  measure¬ 
ments  were  used  to  calibrate  Fourier  Transform  Spectrometer  (FTS)  data,  providing  absolute  transmis¬ 
sion  spectra  for  the  first  lime  at  the  WSMR-MAR  site.  This  information  will  be  of  substantial  benefit 
to  the  future  laser  propagation  programs  at  WSMR. 

PLAN  AND  RATIONALE  FOR  THE  WSMR  EXPERIMENT 

The  technical  objectives  of  this  measurements  program  were  threefold.  A  primary  objective  was 
to  characterize  the  propagation  environment  at  WSMR  by  measuring  long  path  atmospheric  extinction 
at  several  near-  and  mid-IR  laser  frequencies,  together  with  local  meteorological  parameters.  Second, 
this  work  was  intended  to  provide  basic  experimental  atmospheric  transmission  data  at  WSMR  for  sys¬ 
tems  analysis  studies.  Third,  this  measurement  program  was  designed  to  acquire  precise  high- 
resolution  atmospheric  transmission  spectra  in-situ  at  WSMR. 

Specific  problem  areas  identified  prior  to  the  WSMR  field  measurements  include  the  nature, 
composition,  and  effects  of  average  atmospheric  aerosol  concentrations  occurring  in  the  inland  desert 
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’  this  error  limit  is  larger  than  that  reported  lor  previous  measurements  with  the  IMORI  171  because  ol  the  high  turbulence  cn 
countered  a!  WSMR 
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environment,  anticipated  new  ranges  of  absolute  humidity,  and  confirmation  of  the  level  and  variability 
of  IIDO/ILO  abundance  in  the  inland  environment.  Each  of  these  atmospheric  properties  strongly 
affects  the  propagation  of  DF  laser  radiation  in  the  atmosphere. 

LASER  EXTINCTIONS 

The  laser  extinction  procedures  used  at  WSMR  are  described  in  References  ll)  and  |4]  With  use 
of  the  basic  procedure  of  a  chopped  beam  and  phase-locked  ratiometry.  an  experimental  uncertainty  of 
±0.008  km  1  was  achieved  in  the  measured  extinction  coefficients,  with  transmissions  near  90"/"  over 
the  path.  The  required  precision  in  the  detector  hardware  was  achieved  through  the  use  of  tandem 
scatter-plate  beam  integrators  having  a  deviation  of  less  than  1%  of  detector-integrator  efficiency  over 
the  entire  1.2-m  ( 4 - f t >  collecto'  pupil.  This  unique  design  was  developed  by  R.  F.  Horton  of  NRL  s 
Optical  Radiation  Branch  (31  Precision  AC  voltage  regulators  were  added  to  the  transmitter  electronics 
to  maintain  uniform  source  temperatures  and  amplification  characteristics  of  electronics  under  the 
sometimes  harsh  field  environment.  A  magnetic  tape  data  logger  normally  used  for  storage  of  meteoro¬ 
logical  parameters  was  expanded  to  include  the  laser  extinction  numbers  from  the  ratiometer  for 
improved  temporal  resolution  in  data  analysis.  For  example,  with  the  high  turbulence  frequently 
encountered  at  WSMR,  the  distribution  of  values  from  the  ratiometer  will  have  a  larger  than  normal 
standard  deviation  and,  if  beam  spreading  nearly  fills  the  1.2-m  receiving  aperture,  a  skewness  of  the 
distribution  appears  that  is  easily  recognized.  This  skewness  flags  a  loss  of  validity  of  the  laser  extinc¬ 
tion  measurements  and  requires  a  new  algorithm  that  selects  an  averaged  ratio  near  the  distribution 
edge  away  from  the  tail,  depending  on  the  degree  of  mirror  fill. 

Results  of  the  long  path  DF  extinction  measurements  are  shown  in  Table  I.  The  calculated 
extinction  coefficients  are  obtained  from  a  line-by-line  computer  calculation  commonly  referred  to  as 
IIITRAN.  which  uses  a  recent  edition  of  the  AFCRL  line  atlas  15],  containing  spectroscopic  data  for 
the  seven  principal  IR  molecular  absorbers  and  their  isotopes.  All  line  wing  contributions  within  a 
range  of  25  cm  1  to  either  side  of  the  wavenumber  of  interest  are  included  in  the  calculation  as  contri¬ 
butions  to  the  absorption  coefficient.  Midlatitude  summer  average  values  scaled  to  WSMR  barometric- 
pressure  and  air  temperature  are  used  for  the  amounts  of  all  absorbers  except  ILO.  which  is  referenced 
to  the  measurement  of  actual  dewpoint.  A  continuum  contribution  for  Ny  and  IDO  is  included  in  the 
IIITRAN  calculations  and  is  derived  from  the  model  used  in  LOWTRAN  3B  [6] .  No  aerosol  contribu¬ 
tion  is  modeled  in  the  numerical  calculations,  since  all  experimental  conditions  exceeded  80  km  visibil¬ 
ity.  indicating  a  negligible  aerosol  component,  A  more  detailed  description  of  the  visibility  measure¬ 
ments  will  be  given  in  a  later  section. 

For  help  in  assessing  the  correlations  of  the  DF  laser  extinctions  with  atmospheric  conditions. 
Table  2  contains  a  breakdown  of  individual  contributions  to  the  total  molecular  absorption  coefficient 
from  each  molecular  absorption  component  for  a  midlatilude  summer  atmosphere  scaled  to  33°C  air 
temperature,  1172  Pa  (8.8  torr)  of  water  vapor,  and  88  x  101  Pa  (660  torr)  total  pressure.  Absorption 
of  the  2— ’IP|,i  (abbrv.  P.I0)  line,  for  example,  is  dominated  by  the  N:0  content  of  the  atmosphere. 

The  variation  of  absorption  coefficient  for  each  of  the  DF  lines  with  water  vapor  partial  pressure  is 
shown  in  Figs.  I  and  2.  Included  in  the  figures  are  previous  sea  level  measurements  and  a  plot  of  a 
polynomial  algorithm  (I I  developed  by  Science  Applications.  Inc.  (SAD.  The  recent  measurements  at 
WSMR  are  indicated  by  the  W  symbols,  and  the  boxes  and  crosses  represent  data  from  Cape  Canaveral. 
Florida,  and  Capistrano.  California,  respectively.  The  solid  curve  is  a  least  squares  fit  to  the  Florida 
data,  and  the  dashed  curve  is  the  polynomial  calculation  of  SAL 

One  notable  result  of  the  DF  laser  extinctions  is  the  P>5  line,  which  indicates  a  different  trend 
with  water  vapor  than  that  expected,  as  shown  in  Fig.  2.  Absorption  of  this  line  is  dominated  by  HDO 
line  and  ILO  continuum  absorptions,  and  any  discrepancies  in  either  species  should  also  show  up  in 
some  of  the  well-behaved  lines  observed,  such  as  the  P?7  which  is  also  HDO-line  dominated. 
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Tabic  2  —  Contributions  to  Total  Molecular  Absorption  Coefficient 
(km  ')  for  DF  Transitions  of  Interest  for  a  Midlatitude  Summer 
Atmosphere*  Scaled  to  33"C  Air  Temperature.  8.8  Torr  H;0.  and 
660  Torr  Total  Pressure  Calculated  Using  H1TRAN 


Line 

ID 

— 

Total 

Molecular 

Absorption 

H;0 

Continuum 

— 

N\ 

Continuum 

— 

HDO 

ch4 

— 

NjO 

— 

H;0 

CO; 

2-1P12 

0.019 

0.009 

0.000 

0.001 

0.000 

0.000 

0.000 

0.054 

0.002 

0.002 

0.000 

0.041 

0.000 

0  001 

2-1P8 

0.001 

0.002 

0.003 

0.000 

0.003 

0.000 

2-1P7 

0.050 

0.001 

0.039 

0  002 

0  000 

0.000 

0.000 

2- 1 P5 

0  014 

0.004 

0.000 

0.000 

0.000 

0.000 

1  -OPS 

0.001 

0.065 

0.000 

0.000 

0.000 

0.000 

1-OP7 

0  016 

0.003 

0.002 

0.000 

0.000 

0.000 

1-OP6 

0  012 

0.025 

0.005 

0.000 

0  000 

0.000 

*(  ontribuiMMi-.  due  Jo  <  <>  <);  arid  IK  are  riot  Mjmdkunt  Jor  the  calculations  represented  in  this  table 
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The  scatter  of  the  PHO  line  data  in  Fig.  !  exceeds  the  0.008  km  1  uncertainty  in  the  measurement 
and  clearly  indicates  variations  in  the  amount  of  the  dominant  absorbers  for  those  atmospheric  absorp¬ 
tion  lines  that  do  not  correlate  with  atmospheric  H-O.  In  this  case  it  is  the  N;0  molecular  component 
that  comprises  approximately  80%  of  the  total  absorption  for  the  P:10  line  'see  Table  2).  Inaccuracies 
in  isolating  the  P:10  line  from  a  neighboring  DF  line  by  the  operator  would  tend  to  give  a  bimodal 
slope,  depending  on  which  of  the  two  lines  was  present  during  measurement,  but  this  is  not  indicated. 
The  observed  variation  is  present  at  both  coastal  measurement  sites  as  well  as  the  recent  WSMR  loca¬ 
tion.  Software  to  obtain  a  ratio  of  the  FTS  spectra  and  numerical  predictions  will  be  generated  to  assess 
abundances  of  the  IR  absorbers  along  the  path.  A  quantitative  measure  of  the  uncertainty  caused  by 
atmospheric  variations  and  their  influence  on  the  measured  absorption  coefficient  is  given  by  the  scatter 
of  the  data  tor  the  P:8  line  shown  in  Fig.  1.  The  water-vapor  concentration  as  integrated  along  the  path 
will  vary  with  the  flux  of  air  masses  through  the  path  and  is  only  approximated  by  the  two  endpoint 
meteorological  stations.  Absorption  of  the  P?8  line  is  dominated  by  H:0  line  and  H:0  continuum 
absorptions  as  shown  in  Table  2.  Consequently,  the  uncertainties  resulting  from  the  use  of  the  end¬ 
point  approximation  to  true-path-integrated  H;0  result  in  a  distribution  of  absolute  humidities  about 
the  true  value  and  contribute  to  the  scatter  seen  in  Fig.  1. 

Within  the  limits  of  the  scatter  shown  in  Figs.  1  and  2.  the  molecular  algorithms  represented  b> 
the  dashed  lines  accurately  predict  the  water-vapor  partial  pressure  dependence  of  DF  laser  molecular 
absorption  near  30°C'  air  temperature  at  WSMR. 

Additional  data  were  acquired  in  the  10-^m  region  with  a  CO;  laser,  and  the  results  are  shown  in 
Table  3  along  with  HITRAN  predictions  for  the  observed  atmospheric  conditions.  Agreement  with 
predictions  is  generally  not  as  good  as  that  observed  at  DF  wavelengths.  With  the  exception  of  the 
R 10-20*  line,  the  differences  between  experiment  and  theory  change  with  atmospheric  conditions  along 
the  path.  The  precision  of  the  CO;  extinction  experiment  is  equal  to  that  of  the  DF  results  and  cer¬ 
tainly  more  than  adequate  to  not  give  rise  to  the  large  discrepancies  observed  here.  Hardware  malfunc¬ 
tions  of  this  order  would  be  detected  during  zero  path  calibrations,  where  uncertainties  are  routinely  in 
the  third  significant  figure. 

The  R  10-20  line  absorption  coefficient  is  consistently  under  that  predicted  for  the  observed  atmos¬ 
pheric  conditions.  The  dominant  absorption  process  for  this  line,  as  shown  in  Table  4,  is  a  strong  H:0 
line  nearly  coincident  with  the  975.931  cm  1  position  of  the  R10-20  line.  The  H;0  line  position  is 
approximately  976.012  cm  1  and  is  apparently  incorrectly  identified  in  line  position  or  line  strength  in 
the  AFGL  line  atlas  [5).  For  example,  were  remeasurement  to  shift  the  H;0  line  position  by  0.05 
cm  '.  agreement  would  be  reached  with  the  observed  R10-20  extinction.  If  the  line  position  is  found 
to  be  correct,  then  the  line  strength  must  be  significantly  larger  than  previously  believed.  Figure  3 
shows  a  HITRAN  calculation  using  the  existing  AFGL  line  atlas  behavior  in  the  vicinity  of  the  R 10-20 
line 


The  large  absorption  effects  at  10  6  /im  that  appear  to  vary  with  lime  are  not  modeled  correctly  by 
HITRAN.  There  is  no  direct  correlation  with  water  vapor,  since  belter  agreement  and  lower  absorption 
coefficients  were  observed  during  the  highest  water-vapor  conditions  encountered,  such  as  the  10 
August  measurement  of  10  8-torr  H:0.  Table  4  contains  a  breakdown  of  the  molecular  absorption 
mechanisms  included  in  the  theoretical  predictions  of  HITRAN  for  conditions  on  19  August.  It  is  easy 
to  see  from  Table  4  that  our  observations  cannot  be  explained  by  increases  in  H:0  and  CO:  along  the 
path,  since  all  of  the  lines  would  be  affected  to  some  degree,  and  a  characteristic  shape  for  wavenumber 
dependence  of  the  absorption  would  occur.  Figures  4  through  7  show  the  comparison  of  experiment  to 
theory  for  the  range  of  water  vapor  conditions  encountered  In  all  cases  the  upper  trace  at  975  cm  1  is 
the  measured  value  The  effect  seems  to  be  broadband  so  as  to  affect  neighboring  lines  but  not  so 
much  so  as  to  occur  uniformly  across  the  window  Absorption  bands  induced  by  airborne  silicates  are 

'Ihe  notation  RIO- 20  denotes  the  R  ,  line  of  the  OOl  -100  <  D  hand,  the  same  line  in  the  001  —<>20  band  would  he  denoted  tn 
R02-20  lor  example 
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Table  3  —  CO:  Extinctions  (km  >  Measured  over  6  4-km  Path  with  HITR.AN  Predieiions 
lor  Corresponding  Meteorological  Conditions* 


- 


Date 

Time 

(local! 

Line  ID 

i  Line 
Position 
(cm  !) 

Experimental 
Extinction 
Coefficient  (km  ) 

Calculated 
Absorption 
Coefficient  (km 

Experimental 

-Calculated 

1  1  k  m  1 

10  Aug  78 

1001 

P 1 0-20 

944.195 

0  198 

0.208 

-0  Old 

10  Aug  78 

1004 

P 1 0-26 

938.689 

0.173 

0.181 

-ft  D08 

10  Aug  78 

1006 

PI  0-30 

934.895 

0.166 

0.168 

-0.002 

10  Aug  78 

1008 

P 1 0-3  8 

927.009 

0. 1 48 

0.142 

-0,006 

10  Aug  78 

1010 

PI  0-1 4 

949.480 

0.197 

0.203 

-0.006 

10  Aug  78 

1016 

R 10-20 
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Table  4  —  Coniribuiions  to  Total  Molecular  Absorption 
Coefficient  (km  ’)  of  a  Midlatitude  Summer  Atmosphere 
Scaled  to  25.8°C'  Air  Temperature.  10.8  Torr  H:0 
and  660  Torr  Total  Pressure  for  CO:  Laser  Lines  of  Interest* 


Line  ID 

Total 

Molecular 

Absorption 

H:0 

Continuum 

co: 

H:0 

O; 

P 1 0-38 

0.153 

0.125 

0.026 

0.002 

0.000  ; 

P 1 0-20 

0.219 

0.118 

0.093 

0.008 

0.000 

R 10-20 

0.633 

0.106 

0.099 

0.428 

0.000 

P02-20 

0.217 

0.089 

0.118 

0.001 

0.009 

■ 

R02-20 

0.216 

0.084 

0.0128 

0.004 

0.000 

R02-38 

0.123 

0.083 

0.036 

0.003 

0.000  | 

*(  nnmbuiuMiN  due  ■<>  ('ll*.  \d)  MIX).  (  ().  and  M-.  are  not  Mgmticant 
tor  1  he  calculations  represented  m  this  table 


t  ig  4  —  IIITRAN  transmission  prediction  over  6  4-km  path  m  victmiv  ol  R 10-20  CO>  line  lor 
midlatitude  summer  atmosphre  scaled  to  25  X  (  air  temperature.  1440  Pa  MON  torr)  ltd),  and 
XX  *  1 0*  Pa  <bf>0  torr  I  total  pressure 
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FFH20  ...  ?  .  ?.  F* 


Wf*^C'|tjKPEP  <CM-1> 

ig  5  —  Top  trace  at  975  cm'1  is  measured  absorption  coefficient  over  6.4-km  path. 
Bottom  trace  at  975  cm"1  is  the  HITRAN  prediction  for  903  Pa  (6.77  torr)  M20. 
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known  to  coincide  with  the  observed  absorptions,  but  the  amount  of  absorption  is  higher  than  that  to 
he  expected  f  ront  airborne  silicates.  Wind  speed  and  direction  are  recorded  in  the  section  of  this  report 
on  micrometeorology  and  nta>  be  used  to  study  correlation  with  this  strong  absorption  mechanism 


FOlRIER  TRANSFORM  SPECTROSCOPY 

A  scanning  Michelson  interferometer  with  16-em  retardation  capability  was  used  to  measure  rela¬ 
tive  atmospheric  transmission  from  2  to  6  gra  and  from  3  to  14  /am.  with  two  separate  detector  — 
beamsplitter  combinations.  For  3  to  14  /am.  the  HgC'dTe  detector  and  KBr  beamsplitter  produce  a 
lower  signal-to-noise  ratio  and  are  more  sensitive  to  background  radiance  levels  than  the  2-  to  6-/im 
InSb  detector  and  CaF,  beamsplitter  combination.  The  advantage  of  the  extended  3-  to  I4-/im 
wavelength  coverage  would  be  more  apparent  at  lower  noise  levels;  this  would  be  achievable  with  a 
matched  detector— preamplifier  combination  and  a  smaller  detector  chip  (noise  equivalent  power  for  a 
detector  scales  directly  with  chip  area).  Currently,  the  8-  to  I4-/im  window  fast  Fourier  transform 
(FFT)  data  are  presented  at  low  resolution  for  inclusion  in  this  report.  Software  is  being  developed  to 
average  noisy  spectra  and  improve  the  transform  process,  which  will  result  in  higher  resolution  data  in 
the  8-  to  14-/i m  region. 

Representative  spectra  for  the  InSb  spectral  region  are  shown  in  Figs.  8  through  1 1  for  conditions 
of  1172  Pa  (8.8  torr)  H?0  and  33°C  air  temperature.  The  stronger  absorption  lines  in  general  appear 
narrower  than  those  obtained  in  earlier  atmospheric  measurements  |7],  Figures  12  through  16  are 
HITRAN  predictions  for  the  same  atmospheric  conditions  that  have  been  convolved  with  a  0.08  cm  1 
(sin  x)/x  instrument  function  to  match  more  closely  the  data  presented  in  Figs.  8  through  11.  In  the 
5-/tm  region,  we  observe  stronger  continuum  absorption  features  than  those  currently  predicted  by 
HITRAN.  Close  scrutiny  of  features  reveals  minor  differences  between  theory  and  experiment  such  as 
the  window  between  2020  cm  1  and  2040  cm  '.  The  AFGL  line  atlas  should  be  adjusted  to  match  the 
structure  of  the  peak  of  transmission  and  relative  intensities  of  peaks  observed  in  this  spectral  region 
important  for  CO  laser  propagation.  As  previously  observed  [8].  in  sea  level  coastal  measurements,  the 
4.3-/im  CO?  band  edge  near  2400  cm  1  is  more  rounded  than  the  HITRAN  predictions  (Fig.  14).  This 
indicates  that  a  different  absorption  line  wing  profile  is  required  for  the  strong  CO?  absorption  lines  in 
this  region  than  the  Lorenu  shape  normally  used,  or  else  that  a  greater  N?  continuum  absorption  exists 
than  is  currently  modeled  in  the  4.2-/cm  region  The  relative  strengths  of  the  two  HDO  lines  and  the 
one  H?0  line  at  2730  cm  1  (Fig  9)  indicate  only  slightly  less  than  the  0.03%  abundance  ratio  for  HDO 
expected  relative  to  H?0.  Most  spectral  features  are  in  fairly  good  agreement  with  HITRAN  predictions 
in  the  DF  region,  as  indicated  by  the  OF  laser  extinction  results  presented  earlier  in  this  report. 

High  dispersion  HITRAN  plots  for  the  1 1 72  Pa  <8.8  torr)  water-vapor  conditions  of  the  spectra 
shown  above  are  plotted  near  several  DF  lines  in  Figs  1 7  and  18  The  N:()  dominance  of  the  P?  1 0  line 
as  well  as  the  H?0  and  (  H4  dominance  of  the  P.?8  are  indicated  in  Fig.  1 7. 

Representative  FTS  plots  for  the  8-  to  14-/tm  region  are  shown  in  Fig  19  for  data  taken  on  17 
August  1978  The  upper  panel  in  Fig  19  shows  a  spectrum  resulting  from  a  200-scan  average  taken 
during  a  30-min  period  centered  around  1830.  and  the  lower  trace  is  again  a  200-scan  average  taken 
during  a  30-min  period  centered  around  2030  These  data  correspond  to  1.4  cm  1  resolution  but  can  be 
processed  with  improved  resolution  as  software  is  upgraded.  During  these  measurements,  the  air  tem¬ 
perature  was  3I°C  and  the  water  vapor  was  1065  Pa  (8  0  torr)  at  the  endpoints  of  the  6.4-km  path. 

In  general  it  is  observed  that  there  is  greater  continuum  absorption  in  the  12-  to  l4-/um  region 
than  predicted,  but  otherwise  spectral  features  appear  quite  similar  to  the  HITRAN  calculations  con¬ 
volved  with  a  1.4  cm  1  (sin  x  )/x  instrument  function  shown  in  Figs.  20  and  21. 
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f  ig  1 1  —  Measured  atmospheric  transmission  over  6  4-km  path  tor  1 1 7.1  Pa  IX  X  torr)  H:()  and 
VI  C  air  temperature  in  the  .1  to  V^m  region 
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PATH  SELECTION 

Selection  of  a  suitable  path  for  these  measurements  was  subject  to  several  constraints.  A  major 
goal  was  to  maintain  beam  elevation  some  distance  above  ground  cover.  The  elevated  beam  height 
minimizes  sensitivity  of  results  to  strong  vertical  gradients  of  turbulence  and  aerosols.  Funding  limited 
the  size  of  the  earthen  berms  which  could  be  built  for  this  experiment,  and  range  restrictions  ruled  out 
all  but  a  few  locations  for  beam  placement.  The  transmitter  position  was  built  at  a  lest  site  near  a  loca¬ 
tion  called  ARKY.  An  additional  6.1  m  (20  ft)  were  added  to  existing  high  ground  in  this  area,  with 
the  top  surface  bladed  flat  and  compacted.  Earthen  ramps  were  constructed  and  overall  dimensions 
were  designed  to  enable  zero  path  calibrations  to  be  carried  out  on  top  of  the  mound  without  disturbing 
transmitter  alignment.  It  was  necessary  to  locate  the  receiver  at  4  to  7  km  distance  and  preferably  to 
utilize  existing  high  ground  to  obtain  maximum  effectiveness  of  existing  monies.  Range  Control  at 
WSMR  ruled  out  the  first  two  receiver  sites  chosen,  but  finally  relented  and  agreed  to  the  use  of  the 
receiver  site  at  a  location  called  PAT,  a  distance  of  6.4  km  from  the  transmitter  as  shown  in  Fig  22. 
This  6.4-km  path  provides  a  good  compromise  between  the  long  path  needed  for  precise  absorption 
coefficient  measurements  and  the  need  for  limiting  path  length  so  as  not  to  allow  turbulence  beam 
spreading  to  overfill  the  1.2-m  receiver  mirror. 
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F  ig  22  —  Location  of  the  6  4-km  paih  used  for  ihe  WSMR  extinction  measurements 

ol  August  1 


Figures  23  and  24  show  a  detailed  survey  of  the  entire  6  4-km  path,  t  he  zero  distance  position  or 
receiver  site  is  PAT  and  the  path  extends  NNW  to  the  transmitter  position  at  a  mound  built  near 
ARKY.  Ihe  mounds  for  the  transmitter  and  receiver  siles  are  evident  in  the  survey  data  and  provide 
an  elevated  beam  path  (indicated  by  the  top  trace) 
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MICRO  METEOROLOGICAL  DATA 

Appendix  A  contains  all  of  the  micrometeorological  data  obtained  in  support  of  the  WSMR 
extinction  experiment.  The  data  are  presented  in  a  tabular  format  of  10-min  averages  suitable  for 
correlating  with  specific  events.  The  tabular  data  are  followed  by  plots  of  the  atmospheric  index  struc¬ 
ture  constant  wind  speed,  and  solar  radiation  vs  time  to  show  more  clearly  trends  in  these  parame¬ 
ters  Lor  example,  one  notes  the  strong  correlation  of  ('<  and  windspeed  with  blockage  of  solar  radia¬ 
tion  near  1500  on  August  II.  The  afternoon  "window"  or  quiet  period  of  turbulence  does  no>  occur 
until  1930  in  August  and  is  approximately  45  min  in  halfwidth  as  shown  on  the  17  August  plot. 

The  micrometeorological  towers  used  for  these  measurements  contained  air  temperature  and 
dewpoint  sensors  manufactured  by  EG&G,  a  windspeed  and  direction  sensor  built  by  Young  Devices. 
Inc  .  and  sensors  to  monitor  the  atmospheric  temperature  structure  constant  C /.  solar  radiation,  and 
barometric  pressure.  All  tower  sensors  were  sampled  at  3-s  intervals  and  were  then  averaged  to  provide 
the  10-min  data  presented  here.  Care  was  taken  to  locate  the  towers  at  beam  elevation  and  upwind  of 
the  equipment  structures  for  the  predominant  wind  directions. 

figures  Al  — Alb  contain  plots  of  ('<  (m  solar  radiation  (W/ m’l.  and  windspeed  Im/s) 
monitored  at  the  transmitter  and  receiver  meteorological  stations  during  the  experiment. 


VISIBILITY  MEASUREMENTS 

Visibility  was  determined  by  the  contrast  method  developed  by  Koschmieder  19-11]  in  1942. 
Here  visibility  is  defined  as  the  distance  from  an  object  that  produces  a  threshold  contrast  between  the 
object  and  the  background.  In  these  experiments,  the  target  was  a  shadowed  mountainside  (Elephant 
Mountain)  33  km  away,  and  the  background  was  the  sky  immediately  above  the  mountain. 

The  contrast  formula  is 

■  '  — —  =  <*'"•'  =  T\  (contrast  transmittance), 

°n 

where  By  and  Bn  arc  the  radiances  of  the  cone  of  air  in  front  of  the  target  at  distance  X  and  the  hor¬ 
izon,  respectively.  Attenuation  coefficient  «  in  the  visible  region  can  generally  be  attributed  to  aerosol 
scattering.  However,  in  high  visibility  conditions  the  molecular  component  is  a  significant  factor  and 
must  be  considered  in  determinations  of  aerosol  effects. 


For  visibility  determination  we  define  y  as  the  threshold  contrast  where  the  target  is  minimally 
visible  and  R  as  the  range  at  that  contrast.  For  our  work  we  let  y  =  0.02  at  a  wavelength  of  0.55  gm, 
so  that 


Bk  -  B„ 


c"R  =  0.02, 


or  visibility  =  3.92/cr.  An  optical  pyrometer  is  a  convenient  instrument  to  use  for  the  determination  of 
Br  and  Bn  With  a  programmable  hand  calculator,  a  visibility  observation  can  be  made  in  about  I  min. 
Table  5  summarizes  the  visibility  measurements  made  during  the  experiment. 
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Table  5  —  V  isibilities  Measured  by 
Optical  Constrast  Method 


Date 

Time 

irlkm  ') 

Visibility 

(km) 

3  Aug  78 

0900 

0.026 

148. 

4  Aug  78 

1200 

0.038 

103. 

5  Aug  78 

0930 

0.048 

81. 

1155 

0.039 

1 00. 

8  Aug  78 

0810 

0.038 

103. 

1000 

0.046 

85. 

1300 

0.041 

95. 

10  Aug  78 

0830 

0.034 

117. 

0955 

0.036 

108. 

1 1  Aug  78 

0805 

0.039 

101. 

0915 

0.035 

113. 

1 005 

0.033 

1 18 

1115 

0.033 

118 

1215 

0.036 

110 

14  Aug  78 

0925 

0.028 

141 

1055 

0.028 

140 

15  Aug  78 

0925 

0.024 

163 

1037 

0.025 

158 

16  Aug  78 

0845 

0.037 

105 

0930 

0.036 

110 

17  Aug  78 

1930 

0.0137 

285 

18  Aug  78 

0830 

0.038 

105 

19  Aug  78 

0950 

0.026 

149 

21  Aug  78 

0845 

0.026 

150 

1025 

0.027 

147 

22  Aug  78 

0842 

0.029 

137 

1030 

0.030 

131 

23  Aug  78 

0830 

0.027 

145 

CONCLUSIONS 

DF  laser  extinction  was  measured  for  the  first  time  at  the  inland  WSMR  location.  Extinction  did 
not  have  a  significant  aerosol  contribution  at  DF  wavelengths  during  the  observation  period  in  August 
1978.  High  winds  carrying  targe  aerosols  encountered  during  setup  could  limit  the  operation  of  preci¬ 
sion  optical  systems  because  of  both  extinction  and  damage  to  external  optics.  High  winds  (>  10  m/s) 
do  not  occur  regularly  during  August  but  may  affect  operations  during  other  months.  DF  laser  absorp¬ 
tion  coefficients  agreed  well  with  previous  coastal  measurements  once  aerosol  effects  were  removed. 
Predictions  of  DF  laser  transmission  using  HITRAN  calculations  and  a  Burch  [12]  water-vapor  contin¬ 
uum  for  the  conditions  at  WSMR  show  less  absorption  on  the  average  (—0.006  km  ')  than  the  experi¬ 
mentally  measured  values  but  this  small  difference  is  not  particularly  significant  when  compared  to  the 
experimental  uncertainty  in  the  measured  extinction  values. 
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Appendix  A 

METEOROLOGICAL  DATA 


During  ihe  experiment,  meteorological  measurements  were  obtained  with  two  measurement  sys¬ 
tems.  each  located  at  opposite  ends  of  the  6.4-km  propagation  path.  The  data  are  presented  here  for 
each  measurement  site  and  for  each  day,  tabulated  in  10-min  averages,  followed  by  plots  of  solar  radia¬ 
tion.  windspeed,  and  ('<  vs  measurement  time.  The  units  of  each  measured  quantity  arc  given  in  the 
appropriate  column  headings,  except  for  C'y,  which  is  given  in  units  of  m  ' 

Figures  Al  —  Alb  contain  plots  of  solar  radiation,  windspeed.  and  ( '<  monitored  at  the  transno  ter 
and  reciever  meterological  stations. 
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46.3 

8  9  A  ,  A 

1.12 

1.8 

22  8  . 

5. 87 E -14 

1150 

25.7 
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I  iK  A  12  —  Sol.it  radiation,  windspccil.  and  <  <■  at  the  optical  transmitter 
meteorological  station  on  18  August  1978  (1800  to  2400  h) 
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NR  I.  RFPOR  F  8422 


Fig.  A-14  —  Solar  radiation,  wmdspccd.  and  (\:  at  the  optical  transmitter 
meteorological  station  on  19  August  W’H  itYbtYtt  to  1200  h> 


F  ig  A- 15  —  Solar  radiation,  wmdspccd,  and  ('$  at  the  optical  transmitter 
meteorological  station  on  19  August  1978  (1200  to  1440  h) 


65 


1  Wl  I  \  \)n\\\  IV,  huk  lov  (  I  RCH)  l,U|]  NV.^IKD  \si)  S|UK\  K  K 


-  T 


W  S  v  R  |V  ;  CP  ■!  v  .  T  r  •»  f.  M  • 


.  T  A 


1  ’-'Jf.UST  n,v 


TIME 

AT 

PP.6?  4 

r 

;.r> 

<  0  r  r,  > 

CT  4PR 

)  (<) 

(  M  -  ,6  V  ) 

f  W  /  3  i 

851 

?.<  .  4 

4  .87 

8  1.7 

896 . 4 

,  .  4  ’’ 

9  C  C 

4  1.6 

4 .79 

7  6.6 

89  5.  P, 

.  C  ' 

910 

2  2.2 

4.5. 

72.3 

8  96.9 

V  .  6  7 

92  C 

2  2.9 

9.11 

9  1 .  j 

H  9  5.8 

9  30 

2  3.6 

6. 7944^,6 

«  9  5  .  P 

.  .  6 1*. 

94C 

2  7.6 

4.15 

6  4.6. 

6  9  5.8 

»■  .  7  t 

950 

2  3.6 

4.44 

66.7 

895.9 

V  .  7  5 

100C 

2  3.9 

4.36 

6  4.6 

896.  „ 

..7) 

1010 

44.  3 

4.31 

62.7 

896.  v 

.  .  - 

102C 

2  4  .  2 

3.6  2 

5  8.7 

J96 .0 

.  66 

103C 

2  5.-’ 

3.24 

54.5 

986.  5 

:■ . ). 

104C 

2  5.6 

3.67 

5  5.6 

89,6.  C 

»  .  j4. 

10  5C 

S< 

3.75 

54.  if 

S96.v 

v  .  >7 

UCO 

25.6 

3.75 

6  3.4 

896.3 

1  .  ..  ‘ 

-tj  wn 


r*js 


1.  3 

3  12. 

,  .9 

7  5  3. 

1.6 

3  7  4  . 

1  .  4 

18  6. 

i  .  2 

8  3  7. 

1.6 

3  3  7. 

1.6 

312. 

1  .  ? 

-18  6. 

1  .  1 

30  4  . 

i . : 

3  5  7  . 

1 . 1 

133. 

1. 1 

146. 

1 . 1 

1  9"  . 

1  .  4 

?3i  . 

4 •  3 1 l;  - 1 6 
1  .  1  6<-  -l  4 
7  .  I  1 1  -  I  5 
9  .  6  4  r  -  ;  = 
1  .  47t  -I  4 
9.7 

l.C vl  >14 
1  .  3.  L-l  4 
1  .  3  2  ‘  -  1  4 

1  .  7  U  -  14 
3«20c>14 
3. 32c >14 

3 . 9  7 1  - 1  4 

1 . 9  3  T  -  1  4 


Mi  I  lil  I'OK  |  *4.v 


o-  l-  r M rw l  t*.  i  r  r 


*/  s  v «  m  ;  c 

-m:  J  -  Si, 

aL  ’  5  1  2  LL 

a  r  t 

TIMF 

AT 

PPH2  *• 

r  i 

'  1 1 ,  U  >  T 

»  P 

1  >  ! 

,  : ' 

k,c 

W  9 

L  %  \  -j 

(  U r  h 

CT**RP 

>  e  > 

A  4  ) 

f  W  /  4  1  «  ) 

r  w/c, ) 

f  ?  L  5  ) 

850 

?  3.1 

2.93 

6  8.9 

3  92.  9 

.  4 

7.  c 

3  4  . 

4 . 2  f  •  -  1  ‘ 

90C 

c  <•  .  •' 

2.3  2 

6  7.3 

3  9  2.3 

, . 

# 

3.  4 

c  3. 

7,472-14 

9U 

4.62 

5  4.9 

3  9  2 . 9 

3.2 

I  P  3. 

2  .  E  7  *  -  1  c 

9  20 

r  4 . 

2.67 

5  3.* 

6  3  2.  9 

-.75 

3.2 

17  3. 

4  .  3  -  -  1  4 

9  3C 

:s.l 

2 . 9  o 

5  4  .  J 

3  9  2.  3 

v .  •:  1 

t  •  i 

5  4  . 

1  .  7  1  --  18 

940 

2  5.' 

2.46 

5  *» .  ’ 

8  9  2.9 

.  6  ' 

1  .4 

9  7  . 

1  .  3  c  t  -  i  4 

95G 

2  4.4 

2.5’ 

51.5 

9  9.7.9 

V  .  84 

j  .  9 

2  2  1. 

1.171-14 

tore 

24.8 

2.38 

4  9,-1 

8  9  2.9 

.  .  7  3 

1.  7 

9  6  . 

2 . 3  e  *'  - 1 4 

1  0  1  c 

2  5.1 

2.27 

4  3.4 

8  9  7.0 

.  8,0 

2  .4 

14  4. 

8.648-14 

3.348-14 

1020 

2  ■  .  ' 

r  .14 

4^.6 

8  5,,  .  8 

.  .77 

3.1 

177. 

10  30 

?(■  .  8 

1  .r: 

4  7.2 

3  9  2. 9 

.<  J 

.<  • 

•  . 

2  4  1. 

1.3)8-14 

1040 

2  0.4 

1.82 

4  3.. 

592.  9 

•  7  7 

2.  i 

7  9  5. 

1  .  5  8  r  -  l  4 

2 . 4  2  '  -  1  4 

10  51 

2  4.0 

1.13 

47. 6 

8  r*  2  .  9 

i.r 

7 

•  w 

I  6  4. 

1 1 C  0 

it' .  9 

1.3  > 

4  2.7 

392  .  3 

1..  7 

2.? 

211. 

2.371-14 

UK 

? 7  .  3 

1.24 

4  1.7 

5  3  2.7 

i.n 

",  .  9 

5 . 

4  .  3  t  -  I  4 

3.1  25-14 

1120 

77.  5 

2.12 

4  '*  ,4 

798. 7 

! .  1  4 

1 

6  . 

11  30 

27.7 

1.  1  j 

39.  7 

592.7 

1.19 

1 .  i 

99. 

4  .  1  8r  -  1  4 

1140 

2  7.7 

(  .  77 

3H.  7 

4  9'i.  7 

-  .  w  4 

8 . 8 

3  2  3  . 

2. 382-14 

1150 

2  7.9 

'  .86 

3  .  4 

8  9  2 . 7 

0  .'*** 

1 . ; 

?  6  4  . 

3.  M  1  -  -  1  4 

1200 

2  n  .  4 

l  .  37 

3  9 .  ? 

3  9  2  .7 

5.91 

1 . 1 

2  3  9. 

9. 241  -  I  4 

1210 

2*'  .  1 

1.26 

39  . 

8  9  2.7 

..it 

> 

C  •  4. 

2  4  8. 

3 . 322-14 

12  20 

2*.<* 

1  .16 

3  6.? 

3  92. 7 

1.31 

1 .  : 

2  6  3 . 

6.275-14 

12  30 

2  '< .  0 

1  /r 

3  6  .8 

p  9  7  .  4 

1.8* 

1 . 4 

2  7  3. 

1 . 6  4  *  -  1  3 

1240 

29 .4 

1.19 

3  6  . 

b  /  2  .  4 

1.88 

1 . 1 

9  1  . 

1.062-1  3 

1250 

2  9.9 

6.73 

35.1 

5  92 . 2 

1 . ,  •• 

. .  9 

:  2  7 . 

9.f8r-14 

1300 

•  .92 

34.7 

742.7 

1.87 

1 .? 

2  o  9 . 

7.41* -14 

1310 

r. .  4 

0.63 

3  7.4 

9  42  .  ■) 

1.2- 

1 . 1 

753. 

7 . 6  1  c  -  1  4 

1  32C 

3'  .  3 

r .  4  4 

3  2.4 

8)1.7 

1  .  7  8 

1 . u 

4  v  3 . 

6.524-14 

13  30 

^ 

f  .30 

3j  i 

8  9  1.5 

1.7. 

4. 1 

2  1  '  . 

4  .  7  7  ?  -  1  4 

13  40 

5r  .  ) 

'.37 

7  ->  *» 

j  t  . 

8)1.4 

1.2-3 

1.5 

24  7. 

4.  1 1 :  -  1  4 

1  350 

■*  r  -* 

/  • 

0.4*, 

3  1.4 

a  9  1.4 

i  .  2  7 

2 . 4 

2  2  2. 

7. 6  7i  -  1 4 

14CC 

'« : .  8 

0.23 

3-  .  • 

7*1.4 

1  .  2  ' 

2.4 

2  2  4  . 

1.825-13 

1  4  1  C 

31.3 

r  .21 

c  9.  '< 

*>  9  1 .  7 

1  .  2  '* 

3.  < 

2  6  4  . 

3.44,  -  J  4 

14  2C 

7  1  .  1 

'  .8  1 

2  9.4 

6  5  1.1 

1  .  2  - 

2  .  5 

’  78  . 

F  .  7  7  *  -  1  4 

14  30 

*1  .  ) 

'.7  1 

?  >.  1 

89  1  . 

1  .  ’•. 

3 . 2 

7  7  ). 

1.2  9  l  —  1  3 

14  40 

3  1.1 

r  .2  1 

7  .  > 

6  3  1.1 

i . :  - 

3.  3 

2  7  4  . 

’.'34-13 

1  4  5  C 

3  1.4 

4.23 

2  >.  I 

8  9,..  J 

..it 

".5 

19  1. 

6.1  )  r  —  1  4 

<>7 


CNSU 


IIANLKY.  DOWLING.  MORTON.  C'URCTO.  GOTT  WOYTKO.  AND  STORVK'K 


TIME 

I  ig  A- 16  —  Solar  radiation,  windspeed.  and  C  y  a(  the  optical  transmitter 
meteorological  station  on  22  August  1978 


68 


END 

DATE 

FILMED 

n  I 

to  I 

DTIC 


